Although rarely acknowledged, a successful biobank is highly dependent on the support of the health professionals who assist the biobank in all aspects of its activities. In many cases, the lack of health professional support can be a limiting factor in the biobanking process of collecting and processing high-quality biospecimens. The aim of this study was to determine the attitudes of health professionals towards cancer biobanking. Using a 5-point Likert scale questionnaire, important aspects of biobanking, including accrual, quality, knowledge, responsiveness, impact, access, trust, governance and accreditation, were investigated. In total, 95 of 124 health and medical practitioners who were approached participated in this study (77% response rate). Health professionals in general supported the aims of biobanking with 56% of participants showing willingness to create a biobank and recruit donors (accrual), 85% understanding the importance in the storage and distribution of biospecimens (quality), 88% having an appreciation for the role of a biobank in furthering cancer research (knowledge), 70% showing awareness of the use of biospecimens in future research initiatives (responsiveness) and 73% demonstrating support for a biobank with proper control, authority and credibility measures in place (governance and accreditation). Overall, provided that proper information about the activities of the biobank and researcher access was transparent, health professionals were very willing to support cancer biobanking. These findings may assist in developing strategies for the establishment and maintenance of biobanks and aid the implementation of more effective policies and procedures to embed biobanking into routine hospital practices.
INTRODUCTION
Biobanks are an integral part of improving the delivery of health care. 1 These large collections of representative biological materials and associated health information 2 allow partnerships to be established between multiple health disciplines and professions in alliance with patient communities to increase research capacity and its application to emerging health issues. Ultimately, biobanks aim to contribute to health care by building and enabling research in daily clinical practice, which in turn allows the more rapid translation of findings for the clinical benefit of patients. 3 Successful biobanking requires the input of patients and clinicians as well as the support of health-care organisations to effectively incorporate the necessary procedures into routine workflows. 4 Numerous empirical studies have demonstrated the importance of understanding the attitude of the general public towards biobanking, which has led to the implementation of stringent ethical, legal and social policies that enhance public support, participation and ultimately the success of a biobank. [5] [6] [7] Furthermore, it is now well recognised that successful biobanking relies heavily on the collection and processing of high-quality biospecimens; so much so that, national and international forums have been established to aid standardisation of biobanks and their activities for quality assurance and sustainability. 1, 8, 9 A successful biobank is inevitably, however, also highly dependent on the critical support of the health professionals. Clinicians with diverse disciplinary backgrounds including physicians, surgeons, pathologists, radiologists, nurses and other medical staff are central to the biobanking process, 4 assisting in all aspects of biobanking from consent to biospecimen collection to data accrual. Lack of health professional support at any point during this process can be a limiting factor, creating a bottleneck in the biobank's ability to collect and process high-quality biospecimens. Currently, there is little in the literature describing the barriers that hinder health professional support to biobanking. However, findings into the opinions of clinicians towards supporting research in general have demonstrated a lack of awareness of research activities, time and financial constraints, perceived difficulty with informed consent, effects on doctorpatient relationships and a perception of poor benefits relative to 'costs' of research as potential barriers hindering research support. [10] [11] [12] In particular, a recurring barrier for clinicians is that 'duty of care' considerations are often seen to be in conflict with their patient's participation in research studies. 11 These considerations necessarily override research goals directed towards increasing knowledge or improving future therapy via research [10] [11] [12] and this results in a reduction in patient participation in research studies. 10, 13, 14 It is therefore likely that these similar perceptions may be hindering health professional support to biobanking and its lack of integration in hospital settings. Few studies have examined the opinions of health professionals on issues surrounding biobanks 4,15 and these have not been focused on how health professionals from all specialities perceive the role of a biobank and how they may support or hinder the engagement in biobanking activities. Hence, a comprehensive study of the attitudes of health professionals directly or indirectly related to biobanking warrants investigation.
To determine the attitudes of health professionals towards cancer biobanking, we investigated the opinions of research-active and inactive health professionals towards several aspects of biobanking, including accrual, quality, knowledge, responsiveness, impact, access, trust, governance and accreditation.
MATERIALS AND METHODS
The Centre for Oncology Education and Research Translation (CONCERT) Biobank was established in November 2012 (Sydney, New South Wales (NSW), Australia) to collect, process, store, retrieve and disseminate biological samples and health information for research projects following informed consent from patients diagnosed with cancer. Informed consent is obtained before surgery by the nursing, medical or biobank staff. Tissues for biobanking are examined within the anatomical pathology department of the participating hospital by pathology staff and tissues deemed in excess of diagnostic requirements are stored securely and anonymously by the biobank for future use by researchers nationally.
Before the commencement of this study, ethics approval (LNR/13/LPOOL/ 422) was obtained from the South Western Sydney Local Health District Human Research Ethics Committee. Written informed consent was waived as the study was deemed to be in the low/negligible risk category, with return of the survey sufficient to indicate consent to participate.
Participants and recruitment
The study cohort consisted of 95 health professionals working at Liverpool Hospital (Sydney, NSW, Australia), a CONCERT Biobank collection site, who encountered cancer patients during their routine work activities regardless of whether they were (i) aware of the CONCERT Biobank or (ii) had heard of biobanking in their daily work routine. Participants were identified through internal hospital directories and recruited within their departments or at multidisciplinary team meetings. Participants were given the option to complete the survey either online using the University of New South Wales (Sydney, NSW, Australia) Key Survey (n = 4; 4%) or in a pen-and-paper copy format (n = 91; 96%). Response rates were calculated based on the number of online and pen-and-paper copy surveys completed compared with the number of surveys that had been distributed.
Survey development
The survey was developed by performing a review of the literature using the search terms: 'biobank' and 'attitudes' or 'opinions' or 'public' or 'health professionals'; references cited from the literature found from the above searches were also consulted. A total of 22 studies were reviewed, with common themes identified as issues affecting the success of a biobank considered categories for further evaluation 3, 7, [15] [16] [17] and were used to create novel questions for this study. The eight response categories and their definitions are described in Tables 1a and 1b .
Data collection
Demographic data including age, gender, religious affiliation, education and profession from each participant were collected. Participants who indicated that they had previously heard of biobanking were asked an open-ended question of what they perceived the role of a biobank to be. Responses that met the minimum definition of a biobank, 'A repository of biological materials and health information for use in medical research', 2 were further grouped into three common themes of a biobank's perceived role: (i) storage facility, (ii) research facility and/or (iii) improving knowledge and clinical outcomes. In some instances responses overlapped between themes and hence the total number of responses may be greater than the total N recruited to the study (95).
Participants were asked to rate their agreement with the survey statements using a 5-point Likert scale: 1 = strongly agree, 2 = agree, 3 = unsure, 4 = disagree and 5 = strongly disagree. 18 Trust questions, asking participants to rate their trust in various institutions and health-care systems also used a 5-point Likert scale ranging from strongly trust to strongly distrust. For each category, the Likert scale responses were summed and then scaled to a score out of 30 to determine their association with demographic characteristics. For negative question structures, responses were reversed scored before being scaled.
Statistical analyses
Two sample t-tests were used to compare the scaled response scores to demographic characteristics, with a P-value of ≤ 0.05 considered to be significant. Pearson correlations were calculated to identify correlations between the response categories. Cronbach's alpha was used as a measure of the internal consistency and reliability of the survey items grouped within the response categories. A Cronbach's alpha value of ≥ 0.70 indicated a strong degree of reliability. The data analyses for this study were generated using SAS Enterprise Guide software, Version 6.1 of the SAS System for Windows (SAS Institute Inc., Cary, NC, USA).
RESULTS

Demographic characteristics and awareness of biobanks
The demographic characteristics of the participants are presented in Supplementary Table S1 . In total, 95 of 124 health and medical practitioners approached from Liverpool Hospital participated in this study (77% response rate). The majority of the cohort were Englishspeaking (74%) females (73%), predominately nurses (61%) and comparatively young, with 39% of professionals aged under 35 years (Supplementary Table S1 ). Of note, 51% of participants had a familial history of cancer and of those, 64% had not heard of cancer biobanking. However, approximately half (51%) of those who had not heard of biobanking were open to receiving more information about a cancer biobank and its activities. Of the 36% that had heard of biobanking, 68% had heard about biobanking in the workplace, while other sources included media outlets (9%), course work (9%) and conferences (6%). Furthermore, participants who had heard of biobanking were asked to provide comment on the role of a cancer biobank (Table 2) , with most participants (n = 22, 65%) perceiving the biobank as a storage facility for biospecimens (eg, Participant 54, Nurse: 'Bank that stores biological specimens'), 21 participants (62%) identified it as a research facility (eg, Participant 86, Allied Health Professional: 'Tissue removal for research'), and 9 (26%) recognised the potential for improved knowledge and clinical outcomes (eg, Participant 14, Nurse: 'Help examine the behaviour of the different cancers and possibly find a treatment and cure').
Opinions on supporting a cancer biobank
Initial analyses demonstrated health professional support for biobanking in terms of the response categories of accrual (strongly agree-agree 56%), quality (strongly agree-agree 85%), knowledge (strongly agreeagree 88%), responsiveness (strongly agree-agree 70%) and governance and accreditation (strongly disagree-disagree 73%; Table 1a ). Statements relating to public benefit and cancer research (eg, 'I would want the participant to know their results from research' and 'A cancer biobank would be beneficial in providing information needed in the work to cure cancer'; Table 1a questions 6 and 9, respectively) were regarded positively. Participants exhibited the highest level of uncertainty concerning the statements 'I do not have time to be involved in a Cancer Biobank' (unsure 47%) and 'I would help recruit participants for a Cancer Biobank if I could access the samples' (unsure 49%; Table 1a Table 1a Participant's level of agreement to each survey item and Cronbach's alpha values for each response category 
Cronbach's Alpha
Accrual: Willingness to aid in creating a biobank and recruit donors 1. I would be willing to help create a Cancer Biobank 21 (23) 26 (28) 42 (45) 3 (3) 1 (1) 0.90 2. I would be willing to provide a patient information about the Cancer Biobank 21 (23) 34 (37) 35 (38) 1 (1) 1 (1) 3. I would be willing to obtain a patient's consent for a Cancer Biobank 18 (19) 36 (38) 38 (40) 1 (1) 1 (1) Quality: Importance of the biobanks' procedural robustness in terms of storing and distributing biospecimens, including clinical information 4. Participant information and samples obtained for a Cancer Biobank should be securely stored 64 (68) 20 (21) 10 ( 28 (30) 22 (23) 2 (2) 0 Knowledge: Understanding of a biobank's importance in furthering cancer research 7. I would want the cancer sample to be used for the development of new treatments for cancer 51 (54) 36 (38) 7 ( (62) 24 (26) 11 (12) 1 (1) 0 0.37 12. I would want the samples to be used for non-profit research 42 (45) 35 (37) 17 (18) 0 0 13. I would like cancer samples from patients to be used for profit-making research 15 (16) 13 (14) 29 (31) 17 (18) 20 (21) Impact: Effect supporting a biobank would have on routine workloads 14. I do not have time to be involved in a Cancer Biobank 5 (5) 19 (20) 44 (47) 17 (18) 9 (10) NC Access: Whether having the opportunity to use biospecimens would affect willingness to actively support a biobank 15. I would like more information about a Cancer Biobank to be more readily available 30 (32) 47 (50) 13 (14) 2 (2) 2 (2) 0.69
16. I would be likely to use information from the Cancer Biobank in future 18 (19) 39 (41) 34 (36) 1 (1) 2 (2) 17. I would help recruit participants for a Cancer Biobank if I could access the samples 11 (12) 24 (26) 46 (49) 11 (12) 2 (2) Governance and accreditation: Whether supporting a biobank was dependent on proper control, authority and credibility measures 18. I want to contribute to medical advancements, such as cures and treatments, and help in improving quality of life 30 (32) 48 (51) 15 (16) 1 (1) 0 0.43
19. I want to contribute to research which will result in cures or treatments to benefit me and my family in future 36 (38) 44 (47) 12 (13) 2 (2) 0 20. I want to contribute to establishing a good relationship with medical research institutions 32 (34) 44 (47) 17 (18) 1 (1) 0 21. I do not want to contribute to a Cancer Biobank because of lack of information about the research 8 (9) 18 (19) 32 (34) 24 (26) 12 (13) 22. I do not want to contribute because I do not trust the intent of researchers, regulators and/or institutions 1 (1) 5 (5) 29 (31) 43 (46) 16 (17) 23. I do not want to contribute because it is against my religious beliefs
2 (2) 4 (4) 14 (15) 39 (41) 35 (37) NC, not calculable.
a Due to non-response to some survey items by a small number of participants, the number does not equal the total N of the study (95). (4) 1 (1) a Due to non-response to some survey items by a small number of participants, the number does not equal the total N of the study (95). questions 14 and 17, respectively), thereby suggesting the impact of biobanking on work-related activities and the opportunity to access samples could affect willingness to actively support a biobank. Collectively, these findings suggest that if greater knowledge about the use of samples and the information it provides to help cancer research were more readily available, that there could be more support to biobanking from health professionals. This coincides with the participants' strong agreement of understanding the biobank's important role in furthering cancer research (knowledge). In terms of the participants' perceived level of trust in various institutions and healthcare systems (Table 1b) , hospital research institutions rated highest (strongly trust-trust 83%) followed by university research institutions (strongly trust-trust 75%) and government research institutions (strongly trust-trust 55%). When asked to rate the level of trust of for-profit company research institutions, participants were unsure (53% ; Table 1b ), thereby indicating health professionals are more likely to participate in biobanking if the biobank is affiliated with hospital, university and government research institutions and less likely with for-profit companies. However, participant's demonstrated that the level of uncertainty could also be interpreted as the participant's misunderstanding or lack of knowledge and experience pertaining to some survey items.
Identification of issues to increase biobanking success
To determine whether demographic variables impacted on health professionals' opinions on the various aspects of biobanking, survey questions were grouped within their categories and overall level of agreement for each response category calculated and compared with the demographic data. Negative question structures (governance and accreditation) were reverse scored when calculating the response category scores. The findings demonstrated no significant difference between the response categories of responsiveness, impact, access, trust as well as governance and accreditation to the demographic data, such as age, gender, religious affiliation, education and profession (P40.05). However, statistically significant differences were found between participants who had heard of biobanking than those who had not with the response category of accrual (P = 0.02) and a possible trend with knowledge (P = 0.06), that is, those who had heard of biobanking were in stronger agreement with aiding the biobank on a routine basis and recruiting donors (accrual) and understood the biobank's importance in furthering cancer research (knowledge; Table 3 ). A significant favourable difference was also observed between those participants with a familial history of cancer than those without with the response categories of knowledge (P = 0.04) and accrual (P = 0.05; Table 3 ).
Comparison of whether there were any correlations between the level of agreement of one response category to another revealed the majority of categories moderately or weakly correlated with each other (Supplementary Table S2 ). Strong positive correlations were identified between the response categories of access and accrual (r = 0.64), and quality and knowledge (r = 0.69), thereby indicating those who strongly agreed with the importance of the biobank's procedural robustness of storing and distributing biospecimens (quality) also strongly agreed with its importance in furthering cancer research (knowledge). Interestingly, the response category of accrual had the highest number of strong to moderate associations, correlating with the response categories of quality, knowledge, impact, access and trust whereas impact inversely correlated with six of eight response categories: accrual, quality, knowledge, responsiveness, access and trust (Supplementary Table S2 ).
Survey reliability
Cronbach's alpha values were used to measure the reliability of the survey items (Table 1a) . Overall, the survey showed good reliability with three of the six response categories (accrual, quality and knowledge) demonstrating Cronbach's alpha values ≥ 0.70; and potentially a fourth response category, access, which had a Cronbach's alpha value of 0.69 (Table 1a ). The response categories responsiveness and governance and accreditation reported low Cronbach's alpha values; 0.37 and 0.43, respectively, which indicated a weak degree of intercorrelation between the single survey items and overall breath of the category. Optimising the number of items for these response categories may improve the reliability. The response category impact could not be assessed as there was only one survey item.
DISCUSSION
Although rarely acknowledged, a successful biobank is highly dependent on the support of the health professionals who inevitably assist the biobank in all aspects of its activities. In many cases, the lack of health professional support can be a limiting factor in the biobanking process and becomes a bottleneck in a biobank's ability to collect highquality biospecimens. In an effort to better understand the opinions of health professionals towards biobanking and identify barriers that may impede their involvement, this study developed a survey to provide empirical data to address issues of support from health professionals towards biobanking.
The study cohort surveyed was mostly female nurses with a modal age of under 35 years, which is reflective of the workforce at Liverpool Hospital. 19 The few existing studies 4,14-16 that previously examined medical practitioners' involvement in biobanking had primarily focused on clinician attitudes, whereas this study is the first to assess the responses of a broader cohort of health professionals. More importantly, this study examined the attitudes of nurses who, at present, have an integral part in liaising between hospital and biobank staff. Their opinions are, therefore, important when attempting to integrate biobanking into routine hospital practices, such as enrolling potential participants at pre-admissions clinic, discussing biobanking in perioperative communications, identifying participants at multidisciplinary team meetings and recording banked biospecimens in patient information and clinical notes. This study revealed that despite approximately half of participants having a familial history of cancer, the large majority had not heard of biobanking. This surprising finding identified a clear need for more information about the biobank and its activities to be readily available within this health district. The finding was also directly supported by the identification of health professionals' strong desire for greater information about the biobank as well as the biobanks' procedural robustness in terms of storing and distributing biospecimens and information to be more available. Given the relative lack of awareness of the process of biobanking in this study cohort, it should be acknowledged that the health professionals' attitudes appear based on limited personal experience of biobanking and are thus hypothetical rather than factual. It will be of great interest to determine with further studies whether these views are altered once health professionals have more information about the process and are more actively involved in biobanking.
The data collected could not shed any light as to why the majority of health professionals had not heard of biobanking. Understanding this could assist in developing strategies to better disseminate relevant information to health professionals and subsequently to have biobanking implemented routinely into hospital workflows.
Overall, health professionals demonstrated a favourable response to biobanking as long as the activities of the biobank and those of the researchers accessing material were well documented and the information readily available to all participants. These findings are similar to those of Jenkins et al 20 who also reported that up to 83% of patients would be willing to participate in cancer-related research if they were provided with complete information about the study requirements. 20 Our findings demonstrated that medical professionals expressed strong opinions on the quality of the research and the purpose of the donated samples, which coincide with the findings of Luque et al, 21 whom, after surveying public attitudes to biobanking, found that the benefit of contributing to new cancer treatments through intrinsic medical research outweighed negative issues such as mistrust of research and privacy. There was also a strong desire to have cancer biobank participants informed of the result of any future research. These findings concur with several studies demonstrating the convergence of both public 22 and researcher 16 opinions that individual results should be disclosed to biobank participants. It has now been demonstrated by these findings that medical and health professionals also agree it is important for biobanks to disclose participant results. Currently, this is not common practice among biobanks as there is a controversial debate as to whether there is an ethical obligation for disclosure. This stems from multiple factors including public concern over privacy issues, compensation for the donated samples, and the potential for genetic discrimination. Moreover, the estimated number of disease-associated variants needed to be made available to meet the criteria of disclosure is between 11 000 and 15 000, which raises significant practical issues in providing reliable information in a format that is meaningful to all participants. There is also a particular concern with results that are experimental and for which the clinical value of knowing the information is uncertain. 23, 24 Ultimately, given the large and increasing amount of data generated from the application of new experimental technologies to biobanked samples, the preference for full disclosure of research results identified here suggests that the development of policies and mechanisms addressing the disclosure of information are important considerations if biobanking is to be embedded into routine clinical practice.
The findings of this study further demonstrated that health professionals familiar with what is involved in biobanking were willing to participate in its daily activities from consent to biospecimen collection. Moreover, despite some participants' uncertainty on the impact biobanking could have on routine workloads, there remained a strong favourable response to the other aspects of biobanking. These results refute previous suggestions that the lack of health professional support may have been due to a lack of dedicated time attributable to workload pressures and culture (practice-based attitudes) or due to clinicians concerns of how it would impact patients (patient-based attitudes). 13, 14, 25 For instance, previous studies have identified practice-based attitudes in which clinicians expressed concerns about the lack of staff training and their previous experience in research, 11, 25 increased paperwork and administration 11 and a perception that research involvement impedes clinical autonomy and may impact on the doctor-patient relationship. 25 Similar to the findings of Ulrich et al, 14 our results demonstrate that no such barriers impede health professionals support of biobanking activities. However, our findings are in contrast to research into the attitudes of clinicians towards clinical trials which demonstrated that health professionals act as bottlenecks in the accrual of participants to these research studies. 10, 13, 14 In terms of patient-based attitudes, clinicians do not inform potential participants about research studies due to their own opinions and judgements of the patient's willingness to take part, ability to understand the research process or likelihood to adhere to the research protocol. 10, 13, 14 Such attitudes, as demonstrated by Fallowfield et al, 12 drastically reduce the number of participants approached for research by clinicians. Although, the findings of this study appear to be in contrast to these results, more direct evidence is needed. Further studies would include utilising the theory of planned behaviour to identify whether the attitudes of health professionals towards biobanking would predict their actual involvement. 26 Despite the important findings of this study, there were several limitations. First, although there was an overrepresentation of nurses among the health professionals, which could overshadow the attitudes of other medical practitioners, this did not negate the fact that nurses are primary ports of call for patients as well as liaisons between hospital and biobank staff and are likely a core group to target biobanking interventions. However, further study would benefit from a larger sample size capturing a greater representative cohort of all the health professionals. Second, the ability to translate several key biobanking issues into survey questions is a limiting factor and survey validation would strengthen the findings of this study. While factor analysis was considered, the sample size in this study fell below the general sample size required for the number of survey items (minimum sample of n = 115) to ensure adequate power in analysis. 27 Instead, Cronbach's alpha was used as a measure of reliability and demonstrated three of the six categories, with a possible fourth category, were reliable. Despite this, optimising the number of items in each response category could more effectively capture the attitudes of practitioners towards biobanking and the reliability of the measures. For example, the 'impact' response category only contained one survey item and would benefit from the inclusion of additional assessment criteria such as the impact in terms of routine workflow, quality of research, and doctor-patient relationships. Further refinement of the scale may also see some survey items removed or placed under different response categories to improve both Cronbach's alpha values and the degree of inter-correlation between single survey items and overall breadth of the response categories. Furthermore, participants' understanding of survey items, where questions were marked as unsure, could signify misinterpretation rather than preference. Uncertainty in responses may also reflect uncertainty pertaining to the practical involvement in biobanking and how this would affect health professionals' workflows, as this study demonstrated a large majority had not heard of biobanking. These issues could be addressed in future studies by examining preferences to actual behaviour or performing semi-structured interviews.
CONCLUSION
A better understanding of the attitudes of health and medical professionals towards cancer biobanking has helped identify issues, which impede the successful integration of a biobank into routine hospital practices. The findings of this study demonstrate a variable understanding and knowledge about biobanking and its practices among medical and health professionals. Despite several limiting aspects of the study design, it is evident that a greater comprehension of biobanking and its activities could potentially lead to increased support. Furthermore, the identification of these issues and the subsequent development of strategies to address them are likely to be essential if translation of biobanking into routine clinical practice is to be achieved. The implementation of policies and procedures that aid health professionals' contribution to the biobank is an important first step in this process to facilitate the effective translation of this vital infrastructure tool for cancer research into clinical practice.
